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ABSTRACT 
" 
The glass ionomer cement developed by Wilson and Kent (1971, 1972, 
1973) and clinically applied by McLean and Wilson is an extension product 
resulting from the experiments done with silicates, composite resins, and 
polycarboxylate cements. The objective was to obtain a material with the 
combined effect of those components. 
Recently the De Trey Co. has marketed a glass ionomer cement material, 
Chembond, for use in cementing crowns, bridges, inlays and onlays. It is 
claimed that the material is biologically compatible and this, together 
with the potential for bonding to enamel and dentin, some favorable trans-
lucency characteristics, makes it a most outstanding cementing substance. 
A total of 60 non-carious teeth of three monkeys (cynomolgus fasci-
cularis) were selected. _ Prior to cavity preparation all surface stains, 
plaque and calculus were removed by scaling and by cleaning with zircate 
prophylaxis paste applied with a rubber polishing cup~ In each tooth a 
buccal Class V cavity preparation was performed. The mixed cementing ma-
terial was. inserted and adapted as closely as possible to the margins of 
the cavity. 
By studying the animals at one, two and three time intervals it was 
_possible to observe the initial response, the full development of the le-
sion, and its rate of resolution, thus providing a dynamic sequence of 
events rather than observ1ng a static situation. 
The results of the experimental material were related to the effect 
on the pulp tissue of a positive control material (silicate cement) that 
has long been condemned as a pulpal irritant, and to a negative control 
III 
material (a type of zinc oxide-eugenol) that still remains the most effec-
tive filling material when prevention of pulpal injury is of prime concern. 
The biological test showed that this new material produces similar re-
actions to those produced by zinc oxide eugenol. It means the effects on 
the pulp were small compared to those found beneath the cavities filled 
with silicate phosphate. 
The degree of inflammation was confined to the early experimental pe-
riod probably due to the inevitable inflammation following cavity prepara-
tion, but decreased toward the end of the three month interval. 
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INTRODUCTION 
Most persons working with the restorative materials believe now that 
the physical, chemical, and mechanical studies cannot be separated com-
pletely from physiological, pathological, or other biological studies of 
the tissues that usually support and tolerate the restorative structures. 
To the severe insult to the pulp from bacteria of dental caries, plus 
the iatrogenic trauma from cavity preparation, must be added the chemical 
attack from the various cementing materials. 
The four commonly used cements are silicate, zinc phosphate, polycar-
boxylate and zinc oxide-eugenol. 
New cementing materials have usually been introduced under the pre-
text of being less toxic than materials that they are intended to replace. 
Investigators are still looking for an improved cement quality and to 
reduce the deficiencies of the existing cements. 
Such material seems to be the glass ionomer cement type that has been 
shown by clinical studies to be compatible with the pulp tissue, adhesive 
to enamel and dentin and perhaps improves the esthetic appearance achieved 
by some restoration procedures. 
2 
PURPOSE OF THE STUDY 
The cement described by Wilson and Kent in 1971 and 1972 as a glass 
ionomer (ASPA) is composed of an aluminous-silicate glass powder and a 
polyacrylic acid liquid. The properties of iono-glass cement are influ-
enced by the nature of the polyelectrolyte liquid. 
One of the glass ionomer products is De Trey•s Chembond which is 
presented as a special ion-leachable glass powder and an aqueous solution 
of poly-acrylic acid. 
The purpose of this study is to investigate the pulpal reaction in 
monkeys to the Chembond glass-ionomer cement, by means of evaluating histo-
pathological response when the substance is placed into the cavities and, 
after different intervals of time, to compare those pulp reactions to re-
actions from other cement materials under similar conditions. 
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LITERATURE REVIEW 
Although the causes of pulpal inflammation begin in a logical sequence 
with the most frequent irritant, micro-organisms, there is still an alarm-
ing amount of pulpal involvement induced by the very dental treatment de-
signed to repair and restore. 
The pulp does respond to the various stimuli which bear upon it and 
the pulpal disease is either reversible or progressive. 
When the stimulation applied to the pulp is mild, it responds by trans-
itory hyperemia or by a reversible inflammation. When conditions are other-
wise, the inflammatory response is marked by a progression from an incipient 
. . . . 31,32 pulpitis to terminal necrosis. 
The way in which the pulp relates to its immediate environment can be 
understood from its morphology and that of the tissues with which it is con-
fluent: the dentin and periodontal ligament. 
The dental pulp resembles in structure the other loose connective tissue 
of the body, presenting cells of various types, an intercellular component 
through and among which rami£y blood vessels, lymphatics, and nerves. 
The location, function and immediate environment of the pulp limit its . 
resilience. The first cells involved in the inflammatory process caused by _ 
_ a living or nonliving irritant on the pulp tissue are in the odontoblastic 
layer. How these cells respond to remote daily stimuli and to direct thera-
peutic contact is the goal of dentistry. 
Established odontoblasts ctre very long cells which extend from the ena-
mel or the cementum through the dentinal tubuli, to the zone of Weil into 
th.e pulp. 
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In the cavity, the freshly mixed filling contacts the exposed proto-
plasmatic contents of the dentinal tubules causing decomposition ~af this 
tissue resulting in an increase in osmotic pressure. The capillaries are 
observed which were always there but were not visible prior to inflammation. 
They become apparent because they become packed with red blood cells. 
Stasis, characterized by a standstill of blood flow, develops. This seems 
to be the reason for the presence of odontoblast nuclei and erythrocytes in 
h 1 1 d f h d . l . bl 44,47 t e pupa ens o t e cut entina .t u u es. 
The deterioration products produced by the decomposition diffuses back 
into the pulp and causes chemotaxis. Therefore, neutrophilic leukocytes 
gather along the predentin as long as irritation products arrive in this 
area. 
The effects of the inflammatory exudate on the odontoblastic layer are 
compression and death of the cells. The palisaded appearance of the odonto-
blastic layer is altered. 
Another odontoblastic change which may occur following operative proce-
dures is the displacement of the odontoblastic nuclei into the dentin. 
For years, considerable confusion has existed in determining the re-
actions of the pulp to cavity preparation, instruments and techniques, and 
to many restorative materials. 
The search for the correct materials, with the aid of chemical, physi-
cal, and biological sciences, and for a method of manipulation has continued 
from the beginning of the dental art to the present time. 
Dental cements are involved in a high percentage of dental operations. 
It has been estimated that cements are employed in 40 to 60 percent of all 
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restorative procedures. They serve as: 
1. luting agents for cast restorations and orthodontic appliances 
2. thermal insulating bases 
3. cavity liners to protect the dental pulp from noxious substances 
present in some restorative materials and 
4. temporary restorations and, in the case of silicate, as anesthetic 
anterior restoration. 
After so many years of investigations, the dental profession is still 
seeking among other dental materials a cement medium that is "kind" to the 
pulp and at the same time will fulfill reliable physical and esthetical re-
quirements. 
Much work has been done on the acidity of dental cements and many me-
thods have been tried to obtain reliable data as to the true pH value of 
the cements. 
The American Bureau of Standards has produces standards for the physical 
properties of filling materials, but in no country are there any biological 
standards with which to assess the effect of these cements on the pulp. 
The vital importance of dental pharmacology based on histology has not been 
sifficiently emphasised. 
The popularity which greeted the introduction of zinc oxychloride as 
the first dental cement •in the middle of the ninetenth century was followed 
by a reaction against the irritation and destruction of the pulp caused by 
this cement. 
Oxyphosphates were introduced in 1879, copper cements in 1889, and sili-
cates in 1904. In the last two decades, reports have dealt with cements 
6 
that are "inoffensive" to the pulp and show "improved adhesion to calcified 
. ,. 94 h' . tissus · . Tis group named carboxylate cements are superior as compared to 
the existing other cements in terms of how it behaves to . the pulp tissue, 
adhesion to tooth structure, however, it still does not fulfill the require-
ments of an ideal material. 
112 Thomas stated that Wustrow in 1922 proved experimentally that in-
jury to the pulp is brought about by the acids and salts of phosphoric acid. · 
Rohrer (1972) considered that all silicate cements were injurious to 
protoplasm due to acids which were most active during the first hour and 
with thin mixes . 
. 67 Palazzi experimented on dogs teeth with various cements and 
found hyperemia, destruction of odontoblasts and hemorrhage in the pulps when 
the dogs were killed twenty to forty days later. 
. . 52 Continuing on human teeth, Manley produced · conclusive evidence of 
the toxic effect on the pulp caused by dental cements, especially cements 
whose liquid consists of phosphoric acid. 
As a general rule, the liquid system capable of forming quicksetting 
cements with conventional cement powder should have an acidic function 4 
For example, phosphate forms a cement only when in acid solution, which 
is required to break down the cement powder and release the metal ions. 
It seems that the acid anion plays an important role in cement forma-
tion and may be the bonding agent, at least in the early hardening stages 120 , 121 
The great variation in properties of the cements when using different 
acids in aqueous solution strongly suggests that the character of the cement 
depends on the variable character of the metal chelate and not on silica gel. 
To a certain extent silicate cements and silicophosphate ce-
7 
ments possess such a property. However, their incompatibility with the 
dental pulp has made them unsuitable for cementing purposes 19 , 38 , 51 , 67 
The pH of the cement is approximately 2.8 at the time of insertion 
and the phosphoric acid of the liquid is capable of penetrating the dentin 
underlying the restoration. 
Silicates are extremely damaging to pulp tissue, especially when they 
are used without liners. The effect of silicate on the pulp is influenced 
by the depth of the cavity preparation: the closer the silicate is placed 
to the pulp, the more severe the inflammatory reaction. 
In deep cavities, where less than 0.5 mm of dentin remains between the 
base of the cavity and the pulp, chronic inflammation may persist from 6 
months to a year, finally resulting in total pulp necrosis. 
In teeth with silicate fillings several months old, examination of tis-
sue sections shows persistance of the inflammatory response with blood ves-
sels very much dilated and some abcesses. The deleterious effects of sili~ 
cate on the pulp are progressive because they do not crystallize but remain 
in a gel state, constantly liberating toxic products? 4 , 31 , 42 , 127 
Of all the filling and cementing materials, zinc oxide-eugenol is the 
safest from ·a biological standpoint. Most investigators agree that there 
is little pulp irritation following the application of zinc oxide-eugenol 
" to the cavity. A notable exception are reports by Brannstrom and Nyberg 
which demonstrated the irritating qualities of the oxide and eugenol in 
deep unlined cavities preparations. 7 
Radioactive tracer studies have · shown that it provides a better mar-
ginal seal than the zinc phosphate cements, although leakage increases with 
8 
time. Its disadvantages are its softness, poor adhesion to dentin and 
metal surfaces, slowness in setting and the ease with which it may be dis-
. . 27,42,55 placed by biting stress. 
The introduction of zinc polycarboxylate cement seemed to give a 
biologically and physically favorable material, but the translucent pro-
69,71,94 
perties were no better than for zinc phosphate cement• 
The polycarboxylate cements have been demonstrated to be bound to tooth 
structure, through chelation of the calcuim of the apatite by the carboxyl 
groups of the polyacrylic acid in the liquid. ·A wide range of values have 
been reported for the strength of the bond between cement and tooth struc-
73,114 
ture Various theories, including the large size of the polyacrylic 
acid molecule and the many reactive sites on the chain, have been advanced 
to explain the absence of irritating qualities. Since the adhesion of poly-
carboxylate cement to dental gold alloys is not superior to any other type 
of cement, little advantage in the retention of cast restorations is real-
ized despite the adhesion to tooth structure. 
Although the pH of the polycarboxylate cement is comparable to that 
of zinc phosphate cement, it elicits little pulp response in comparison to 
that :produces. by zinc oxide-eugenol. 
A new class of translucent cement developed by Wilson and Kent in 19.71 
as a glass-....ionomer and subsequently marketed by the Claudius Ash Co. as 
De Trey 1 s ASPA~':, is composed o:f an alumina-silicate glass powder containing 
a d.i;.spers-ion of fluoride-rich . spherical droplets and a polyacrylic acid 
liquid. 
*Claudius Ash Co., Inc., Niagra Falls, New York 
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Glass ionomer cement will clearly possess some characteristics of 
silicate cement (since they have the similar powder) and of zinc poly-
carboxylate cement (which has an essentially similar liquid). 
The powder is prepared in much the same way as the powder in the si-
licate cement, that is, by fusion and shock cooling, but it has a slight-
ly different - composition: 
29% 5% 
Al203 17% 5% 
34% AlP04 10% 
The liquid is an aqueous solution of a copolymer of acrylic acid and ita-
conic acid, with a small amount of tartaric acid: 
Poly(-acrylic acid-itaconic acid) 
Water 
Tartaric acid 
47.5% 
47. 5% 
5.2% 
The properties of iono-glass cements are influenced by the nature of 
the polyelectrolyte liquid. Improved manipulative and hardening properties 
were obtained by the incorporation of chelating co-monomers to the poly-
electrolyte liquid, and by replacing polyacrylic acid with alternative 
polyalkenoic acids. 
The result of the experiments done by Wilson and et al. (1971-1973) 
showed that the glass-ionomer is a strong luting cement. 
In compression its strength is similar to silica-phosphate cement, 
greater than those of the polycarboxylate and zinc phosphate cements, and 
34 58 122 
much greater than zinc oxide-eugenol and EBA cements. ' ' 
The reaction is similar to those of silicate cements, but with the 
important difference that the matrix in the glass-ionomer contains cova-
10 
lent C-C bonds as well as ionic linkages and is chemically a more stable 
body than the ionically bonded silicate cement. 13 , 119 
Investigations were continued in order to improve the original glass-
ionomer product. 
In this way, by addition of chelating acid comonomers, in particular 
tartaric acid, to the polyelecrtolyte solution the original rate of har-
dening of the cement ASPA I (50 per cent polyacrylic acid and alumino-
silicate glass) enabled the cement to be mixed to a thin luting consis-
tency (ASPA II).l 4 ,ll 9 
Further experiments in which methanol was added to the ini t _ial liquid 
improved the behavior of the product (ASPA III). 
However, it proved to have certain disadvantages such as the tendency 
to be weaker than the other forms and also that cement properties deterio-
rated as the liquid aged. 
By ,preparing a polyalkenoic acid co-polymer (of acrylic and itaconic 
acids) with less stereo regularity than polyacrylic acid the solution has 
an apparent indefinite stable shelf life. This was named ASPA IV cementf 5 
In each form of ASPA the glass component has remained unchanged. 
The cement gels and sets as the result of intereaction of AL3 and Ca2 
ions extracted from a powder, with polyanious in poly (acrylic acid) solu-
tion. 
The glass-ionomer cements fulfill many of the requirements of a good 
luting cement but are still deficient in some important areas, the princi-
pal defect being their slow formation of a strong gel-salt, resistant to 
aqueous attack. In the early stages . of cement formation, th.e luting cement 
11 
sets to a firm gel (calcium ion-exchange); later it sets rock hard (alu-
minum ion-exchange). It is during this transition period between the 
calcium and aluminum ion-exchange phase that contamination by saliva can 
cause loss of material from the restoration's margin. 
Once the aluminum ion-exchange takes place, the glass-ionomer cement 
can form a mate -rial superior in physical properties to zinc phosphate. 
The cytotoxicity of the glass-ionomer cement (ASPA III) was establish-
ed in vitro (tissue culture) experiments, using the radio chromium release 
method and by comparing the results with in vivo experiments (on monkeys) 
. h h . 20 wi.t t e same material. Freshly mixed material introduced directly 
into the in vitro system was cytotoxic, although the toxicity decreased 
as the duration of the interval between mixing the material and placing 
in the culture increased. 
Specimens which had set for 24 hours before placement, were non-toxic 
even after prolonged cell-material contact. 
In vivo, the cement caused a mild pulp reaction after 8 days although 
no long-term results were reported. Klotzer (1975) also concluded that 
39 
ASPA II was irritating to monkeys teeth, but less than silicate. 
Histologic experiments done on 6 month old ferrets with ASPA IV and 
Kalzinol at different cavity depths and at different periods of time showed 
that the glass-ionomer cement causes no greater degree of tissue damage 
compated with the negative control. The inflammatory response after ASPA 
9 
persists slightly longer but no differences were detected at 12 months 
The same experiments were repeated on human premolars. It was con-
eluded that ASPA IV (3:1 powder liquid ratio) causes a slightly greater 
12 
degrees of tissue irritation than zinc oxide eugenol, but that by 30 days 
these changes have largely resolved. Pre-treatment of cavities with 50 
percent citric acid prior to the insertion of ASPA IV leads to more marked 
10 
changes. It was not clear whether the more marked changes observed 
following . use of citric acid are a consequence of additional irritation 
from the acid itself or from greater penetration of the toxic constituents 
of the filling materials or of bacteria. Zinc acid pre-trea~ent of a 
cavity removes plugs of debris from the dentinal tubules, thus increasing 
h . b. . 8 t eir permea ility. 
In the case of the glass-ionomer cement, the prime purpose of the 
conditioner is to provide a clean, easily wetable surface, by removal of 
proteinaceous debris without causing any damage to surrounding tissues. 
It is important to use only weak acids for a minimum period for this pur-
29,125 pose. 
In cases where a near exposure of the pulp is judged to have occurred 
the base of the lesion must be lined with a quick-setting calcium hydroxide 
. 57 preparation. 
Plant and Rowe (1972, 1973) concluded that the irritant action of the 
glass-ionomer cement towards tissue is probably similar to the polycarbox-
ylate cement of Smith. 
Studies done in 1971 and 1977 stated that the response is essentially 
2 84 the same as that of zinc oxide eugenol cement ' and was in agreement with 
work done by Grieco in 1977. 
The mild reaction given by polyacrylic acid compared to phosphoric 
"d . "b d l 69 aci is attri ute to severa causes: 
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1. polyacrylic acid and related polyacids are weak acids; 
2. slow diffusion due to their high molecular weight and the entangle-
ment of polymer chains; 
3. even when dissociated, H-ions tend to be confined to the locality of 
the polyanion chain by electrostatic forces and will be less readily 
exchanged by cations than those associated with simple anions such 
as phosphates. 
The powder - liquid ratio governs to a large degree the strength and 
solubility of the cement. In luting cements it represents a compromise 
and must be chosen with care. Although increasing the P/L ratio increases 
strength and resistance to aqueous attack, which is an advantage in the 
unique conditions of the oral cavity, it also increases the film thick-
ness, which is a disadvantage. 
Using the same material (ASPA at different P/L ratio) but for periods 
of time up to 224 days and l year, a quantitative method for assessing 
the histological changes were established. 
Compared with the control material (zinc oxide-eugenol in humans and 
kalzinol in ferrets), there was greater reaction to ASPA at time intervals 
of 30 days or less. 
However, the changes are not marked and the inflammatory infiltrate 
has largely resolved by 28 days. 
The present experiments indicated that when mixed in a luting con-
sistency ASPA IV (2:1 powder liquid ratio) was slightly more irritant than 
when tested as a thicker mix (3:1 powder liquid ratio), despite the fact 
that the residual dentin thickness was greater beneath ASPA 3;1 , 113 
14-
As a luting agent ASPA IV is of use where the highest strength is 
. d . d b . d k 112 require, as in crown an ri ge wor . 
A modified formula which retards the setting reaction represented 
by ASPA IV· . . . . 69 has been used in experiments on root filling. 
The setting time of ASPA I is longer and it hardens more slowly than 
other ASPA types. This difference is to be attributed to absence of the 
chelating co-monomer, tartaric acid, which is contained in the polyacid 
liquid of the other variants and which is known to accelerate hardening. 
ASPA IV has the best rheological properties and, compared with ASPA I, 
has a longer working time combined with a faster hardening rate. 
The strength and solubilities of the various ASPA formulations do not 
significantly differ from each other, except that ASPA III is weaker than 
the other variants in compression. 
The properties of ASPA cements may be compared with those of the re-
lated dental silicate and polycarboxylate cements: they are considerably 
stronger under compression stresses than polycarboxylate cement (60-85 Nmm-2), 
but usually weaker than the dental silicate. 
Their tensile strength is limited, ASPA cements (10-17 Nmm-2 ) are in 
general stronger under tensile loading than polycarboxylate cements (6-12 Nmm-2) 
and close to the strength of dental silicate cements. 
Whilst acid solubility is one of the biggest problems with silicate 
cements, a greater resistance to acids is a favorable feature of ASPA cement. 
This cement has a matrix which contains covalent bonds as well as ionic 
bonds in the polymeric structure, with the result that acid attack is 
much slower. The amount of ASPA cement dissolved by acid at pH 4- under 
standard condition during seven days is 1.2 per cent compared with pH 5 
15 
per cent for silicate cement. 
The initial solubility values for the ASPA cements (0.3 - 0.8 per 
cent) are about the same as those recorded for the dental silicate cement 
(0.4 - 1.0 per cent specification maximum) and much greater than the 
values for zinc oxide cements including : ;the polycarboxylate cements ( 0. 004 -
15 121 0. 09 percent). ' 
Unlike the polycarboxylate cement, which is opaque, ASPA has some 
translucency. The opacity for all ASPA variants is greater than for den-
tal silicate cements and composite resins and corresponds to that of den-
66 tin rather than that of enamel. 
They are useful in cementing porcelain jacket crowns and partial 
coverage restorations, where esthetics are of importance because of the 
degree of translucency. This advantageous property is to be attributed 
to the absence of zinc oxide in the powder in which it differs from all 
other luting agents. 
One of the disadvantages of dental cements is their failure to form 
a strong attachment to a metal casting or crown surface. If micro-leakage 
occurs under these restorations, there is little resistance to fluid pene-
tration at the metal or crown cement interface. This condition is combina-
tion with dental plaque plays a major role in regard to secondary caries, 
and pulpal response. 
Bot~ polycarboxylate cements (Smith 1968) and glass ionomer cement 
have a unique ability to adhere to both enamel and dentin without prepa-
ratory surface treatment. 
Adhesion is the bonding of dissimilar materials by attraction of atoms 
16 
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or molecules 3 ' 49The adhesion is due to the presence of many free car-
boxyl groups (- COOH) which facilitate wetting of tooth surfaces because 
of their ability to form hydrogen bonds between the polymer and the sub-
strate. These hydrogen bonds are progressively converted into stronger 
ionic bonds as calcium, aluminium, and other metal ions displace the hydro-
gen. 
This, whereas the strength of bond between either dentin or enamel 
to silicate cement is effectively zero, a strength of 4MN/m2 and 3 MN/m3 
may be acheived between ASPA cement and enamel and dentin respectively. 34 
Since enamel possesses a much greater calcium content than dentin 
the cements. bond more strongly to enamel. Experiments to increase the 
calcium ion concentration at the dentin surface were carried out using 
a derivative of a calcifying fluid as a mouth-rinse. By x-ray diffraction 
analysis, this fluid has been shown to deposit a highly crystalline hy-
. 49 50 droxy apatite on teeth. ' 
AS.PA is recommended for Class I abrasion or erosion cavities and an 
important aspect of its use is the minimal cavity preparation necessary, 
owing to its adhesive properties and not to mechanical retention. 
Failure of material to adhere to the tooth structure creates a major re-
~ b b f . k 108 h. d. · · · storative pro lem ecause o marginal lea age Tis con ition in combina-
tion with dental plaque plays a major rile in regard to secondary caries, 
28 
recurrent caries and pulpal response. 
The major biologic problem regarding an adhesive material is that 
when it chemically interacts with the dentin is also causes a pathologic 
condition in the ·pulp. Therefore, only a truly non-irritant material could 
17 
be acceptable as an adhesive to the dentin. 
Polymeric materials appear to offer the best approach to develop-
ment of structural adhesives for dentistry. 
Varnishing, - after completion, was advisable to ensure the maximum 
adhesion by protecting the surface · from moisture contamination during the 
. 29 79 first stages of the setting reaction. ' 
Ai.•strong bond will only form if proper wetting takes p~ace, and this 
is dependent on the availability of the -COOH groups. The cement must, 
therefore, be applied to the tooth surface before the setting reaction has 
proceeded too far, that is, while there are still sufficient -COOH groups 
available. 
Good adhesion relies on sound, clean surfaces. The effectiveness of 
citric acid solution is not related to its ability to etch the surface but 
more probably relates to its efficiency as a cleansing agent and by its 
polar nature to wet the enamel surface effectively. It has been shown that 
citric acid is compatible with the glass ionomer cement system by improving 
5 
its setting properties, and chelating to both the cement and the substrate. 
Comparing the cavity sealing ability of glass ionomer cement with that 
of composite restorations, Kidd (1978), comfirmed excellent results obtained 
previously. The sealing ability of composite materials was not improved 
l 
by placing the material against a cavity wall as other studies have shown· 
In Class II lesions in deciduous teeth, alumina-silicate polyacrylic 
cement was found to provide a satisfactory restoration which adhered to the 
tooth substance. 
h 
. . . . 78,117 Te single disadvantage was the long setting time. 
18 
The material has particular appli6ation in the sealing of large fis-
sures and in filling caries fissures with the minimum of mechanical pre-
. 59 paration. 
The possible adhesion to collagen can be explained by metal bridges 
connecting COOH groups in the cement to those contained in collagen. Hy-
drogen bridges connect COOH groups in the cement to pendant NH2 groups in 
collagen. 
The glas.s-ionomer cement does not adhere to inert surfaces such as 
dental porcelain, platimum, and gold because these substrates are not 
chemically reactive. They have a low surface energy and are therefore 
difficult to wet. 
In the case of the precious metal surfaces, a new technique devised 
by McLean and Seed (197~, for the bonding of porcelain to platinum and gold 
surfaces, was introduced. This method requires the electrodeposition of 
up to 2fa~ of tin on the metal surface to provide a suitable oxide film 
i 
for wetting by the cement. 
It is. a well known theory that when a cavity is filled with a damag-
ing material, the pulpal response is. related to cavity depth. 
Gurley and Van Huysen (1937), Manley (1941), and Shroff (1946) found 
that when deep cavities were filled with silicate cement there was a de-
struction of pulpal tissue. The same material in shallow cavities resulted 
27, 77 
in a productive pulpal response in the form of secondary dentin• 
Histologic experiments done on monkeys whose teeth were filled with 
silicate cement showed that the degree of inflammation is directly propor-
tional to the thickness of the cavity floor. When the floors were thicker 
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than 400 v ~~ all pulp reactions were mild. As floor thickness decreased, 
the reactions increased to moderate or severe, except in the case where 
zinc oxide and eugenol were used 
More recently, Dickey et al. (1974) investigated the pulpal response 
to composite materials and found that the remaining dentin thickness was 
inversely proportional to the severity of the pulpal response. 
Seltzer and Bender (1975) when considering the pulpal effects of 
zinc phosphate cements and silicates stated that the deeper the cavity 
into which these materials were placed the more severe was the response. 
The effect of cements on the pulp in practice depends upon the pre-
cise clinical circumstances and can be greatly minimized by maintaining 
an adequate thickness of dentin or by using an appropriate cavity liner. 
Several studies have shown that when the remaining dentin thickness 
is less than about l.5mm,phosphate type cements produce the most severe 
reaction which is due principally to the available acidity of the mix 
Swartz et. al. in 1968 demonstrated using p32 tagged cement liquids 
that in many instances dentin was penetrated by the phosphoric acid to a 
depth of more than 1mm. 
Despite this opinion, Dowden (1970) and Plant (1976, 1978) doubted 
whether the thickness of remaining dentin affected the pulpal response. 
He argued that if the odontoblastic processes are damaged then the dis-
tance of this injury from the cell muclei may not be important and that 
pulp responses may be seen when the remaining thickness of dentin is more 
than 2mm. 
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MATERIALS AND METHODS 
Three monkeys (Cynomolgus Fascicularis), four years old, weighing ap-
proximately 4 kg each were selected for the experiment. 
The animals were anesthetized by intra muscular injections of phenyl-
cycloheryl piperidine hydrochloride (Sernylan)* and the teeth to be prepar-
ed were further locally anesthetized with lidocaine hydrochloride 2% with 
epinephrine 1: 5 0. 000. ~•d: 
The teeth to be used in the experiment were thoroughly scaled and 
cleaned with zircate prophy paste applied with a rubber cup revolving at 
slow speed. 
A total of 60 teeth, incisors, canines, premolars and molars were se-
lected, all of them caries free. Some canines were eliminated from the 
study because they were endodontically involved. These were replaced by in-
cluding the second molars so the number of samples was adequate for evaluation. 
Class V cavity preparations were made using a highspeed air turbine 
handpiece, revolving at 250.000 R.P.M. under an adequate air/water spray to 
prevent pulpal damage due to cavity preparation. 
The preparation was established with a #2 round carbide bur and final 
depth and retention was placed with a #33½ inverted cone. 
The depth of the cavities varied. This could not be determined clin-
ically with accuracy, since the exact morphology of the pulps was not known 
and because of the variation in tooth size. 
Negative controls (left lower quadrant for every monkey) were filled 
with zinc oxide-eugenol (I.R.M.),* and little or no pulp reaction was ex-
* Park Davis Company, Detroit, Michigan 
** ASTA Pharmacentral Products Inc., Worcester, Massachusetts 
***I.R.M., The L.D. Caulk Co., Milford, Delaware 19963 
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1. Exp. 
2. Exp. & Dycal 
3. Exp. 
4. Exp. & Dycal 
. Exp • 
!Maxi 11 a Positive Control Experi~ental 
-
(silicate cement) Chembond 
R L 
Experimental Negative Control 
Mlandible Chembond ( IRM} . 
1 1 . '\ 
l. Exp. & Dycal 
2. Exp. 
3. Exp. & Oycal 
4. Exp. 
s. Exp. & Dycal 
Fig. 1: This figure illustrates a schematic outlay of the 
experimental .design. It demonstrates which teeth 
received the experimental material and which teeth 
received the positive or negative control. 
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Fig. 2: A pre-operative view of the teeth. 
Fig. 3: A prophylaxis is done. 

Fig. 4: 
24 
The cavity preparation as it is 
done by quadrant. 

Fig. 5: 
Fig. 6: 
/ 
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A complete restoration is shown. 
Right upper Syntex F. 
Right lower Chernbond. 
IRM. lower left quadrant Chernbond 
upper left quadrant. 
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Positive controls (upper right quadrant) were filled with silicate 
cement (Syntrex-F),* which is a well known irritant when placed on fresh 
dentin. 
The mixed experimental material (Chembond) was preliminarily tested 
to produce the ideal consistency for clinical use, due regard having been 
paid to the manufacturer's instructions, which recommends: mixing the 
material on a chilled glass slab using an agate or sterile spatula. The 
mix should be of a smooth, creamy consistency, presenting a glossy appear-
ance which ensures that sufficient free carboxylic acid groups are present 
to assist wetting of, and initial bonding to the surfaces. The manufac-
turers recommended a maximum mixing time of 45 seconds, which allows a work-
ing time of 1.5-2 minutes. The cavity and surrounding area were dried be-
fore the cement mix was packed in. On placing the material into the cavi-
ties, a matrix was firmly held in position for 5 minutes, then removed and 
the surface of the restoration varnished immediately with De Trey special 
varnish.* Further trimming was carried out by running a white cone shape 
shofu stone in a water spray high speed turbine, parallel to the cave-sur-
face margins of . the restorations. On completion of trimming, varnish was 
reapplied so that moisture contamination was avoided during the final set. 
By studying the specimens at three time intervals it was possible to 
observe the initial response of the pulp to the material, the fullest de-
velopment of the lesion and its rate of resolution, providing in this way 
a cynamic sequence of events rather than static appraisals of morphologic 
. 101 
alterations. 
* Syntrex-F, The L.D. Caulk Co., Milford, Delaware 19963 
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At the end of the observation periods: five days, one month and three 
months, the monkeys were sacrificed by means of injecting an overdose of 
soduim pentobarbital. 
Within five to ten minutes after the lethal injection, the maxilla and 
mandible were disected in totality, and the root apices were cut off _at ; one 
third apical height with a circular saw at low speed under formalin cooling. 
This method allowed for rapid penetration of fixative into the pulp. The 
apices were checked to ensure that the pulp tissue was exposed and immedi-
ately immersed into a 10% buffered formalin fixing solution. 
Whole mandibles and maxillas were fixed for 7-10 days. The teeth were 
separated, placed in individual cassettes and decalcified in a Kristensen's 
solution (50% sodium citrate and 50% formic acid in distilled water) for 
another period of 3 weeks. The decalcifying solutions were changed twice 
daily throughout the entire procedure. After washing the distilled water, 
the specimens were prepared for dehydration and clearing according to the 
following schedule: 
80% Ethyl Alcohol - l hour 
95% Ethyl Alcohol - 2 hours 
95% Ethyl Alcohol - 2 hours 
Absolute Ethyl Alcohol - 2 hours 
Absolute Ethyl Alcohol - 2 hours 
Overnight in Diozane 
Toluene - 2 hours 
Toluene - 2 hours 
The blocks •were then placed in melted paraplast (m.p.56-58°C) as follows: 
Toluene and equal parts paraplast - 1 hour 
1st paraplast - 1 hour 
2nd paraplast - l hour 
3rd paraplast - l hour 
4th paraplast overnightd 
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The next morning the blocks were exposed to fresh paraplast for four hours 
in a vacuum oven at 27 lbs. pressure. Every thirty minutes the pressure was 
dropped and then immediately ~aised to prevent entrapment in paraplast in 
a bucco-lingual direction at six microns, through the cavity preparation us-
ing an International Rotary Microtom.* 
Many serial sections of a single tooth were required for proper inter-
pretation of the findings. 
The sections showing the mimimum remaining dentin thickness in the floor 
of the cavity~ as measured at right angles to the pulpodentinal junction 
were selected for assessment. 
· The sections of each specimen were stained with Harris hematoxylin and 
eosin, covered and examined in a light microscope. Those specimens consi-
dered worthless because of fixation artifacts or technical difficulties were 
eliminated by a quick microscope scan. 
The criteria of hystological ev~luation have been described previously 
by Stanley, Swerdlow and Langeland , and are specified by the A.D.A. speci-
. . # 102 fication 41: 
a. the number and intensity of acute (neutrophilic and eosinophilic leuko-
cytes) and mononuclear (lymphocytes, monocytes, plasma cells, macrophages, 
and foreign body giant cells) inflammatory cells in the superficial and 
deeper tissues of the pulp (Graded 0-4). 
b. the number of cells displaced into the dentinal tubules (Graded 0-3). 
c. capillaries, congested with blood, confined to the odontoblast layer 
associated with the cut dentinal tubules. 
* International Equipment Co., Needham Heights, Mass. 
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d. hemorrhage (minimal, moderate, severe). 
e. abscess formation (Grade 4). 
f. incidence(+ or-) and quantity of irregular (reparative) dentin (0-2) 
adjacent to pulpal ends of cut dentinal tubules. 
g. percentage of specimens with lesions of delayed healing in the late 
post-operative intevals. 
h. percentage of specimens with leukocytes predominating in late post-
~operative intevals. 
i. discoloration of the cavity walls. 
j. bacteria along the dentin of the cavity floor indicates marginal leak-
age and lack of adhesiveness of the test material. 
The histologic sections were evaluated by three investigators each assign-
ing a grade of inflammatory response to the particular sections. Wherever 
a difference was recorded,the investigators observed the preparation again 
and a mutual -discussion was made as to the grading of those particular sec-
tions. 
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RESULTS 
Of the original sixty teeth prepared in this study, twelve were lost 
or eliminated by an initial microscopic scanning as inadequate for further 
examination. From the forty eight remaining teeth, twenty three were from 
the experimental group, eleven from the positive control and fourteen from 
the negative control group. 
The specimens could further be classified according to . length of ex-
perimental period, depth of cavity preparation, presence or absence of a 
calcium hydroxide base liner. 
Microscopial evaluation of the pulpodentinal complex demonstrated the 
biocompatibility of Chembond when inserted into cavity preparations in 
primates. A protective base (dycal) was not shown necessary as all unbased 
experimental specimens where within normal histologic parameters. 
5 DAY INTERVAL 
The effect of the experimental material on the pulp tissue was nil. 
There was a complete absence of inflammation of pulpal tissue in all spe-
cimens examined. Displacement of odontoblasts into dentinal tubules was 
not observed; an effect on pulp vasculature resulting in hemorrhage and/or 
congestion was noted in one case. Fig. #7. There was no indication of 
irritation dentin formation subjacent to the cut dentinal tubules of the 
cavity preparation. Fig. #S. Bacteria were not identified on cavity walls 
nor within tubules. All positive control specimens showed definite begin-
ning irritation dentin formation. Inflammation, predominantly leucocytic 
with significant vascular congestion was noted in one instance. Fig. #25. 
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Negative control specimens were essentially normal. Fig. #21. 
l MONTH IN1ERVAL 
All experimental specimens showed total lack of adverse response to 
filling material; all histologic factors were within normal limits. Fig. #11. 
Negative control specimens ~were essentially normal, with one case showing 
some slight pulpal response as noted by focal area of irritation dentin 
formation. Fig. #22.Positive control specimens showed vascular hyperplasia 
(60%) and chronic inflammation in 25%. Irritation dentin was noted sub-
jacent to cut dentinal tubules in 60%. Fig. #28. 
3 MONTH INTERVAL 
The experimental specimens were free of adverse effect of material 
on pulpal tissue. Fig. #20. All indicators were negative with the exception 
of a minimal amount of irritation dentin noted subjacent to the cavity pre-
paration in one specimen. The negative control specimens were uniformly 
within normal limits. Fig. #28. Positive controls showed evidence only 
of irritation dentin (33%). 
Tooth . 
Max ill a: 
Right 1st incisor 
1st bicuspid 
2nd bicuspid 
Left ls .t incisor 
2nd incisor 
1st bicuspid 
2nd bicuspid 
-cuspid 
Mandible: 
Left 1st incisor 
2nd incisor 
1st bicuspid 
2nd bicuspid 
Right 1st incisor 
1st bicuspid 
2nd bicuspid 
2nd incisor 
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TABLE I 
FIVE DAYS EXPERIMENT 
Positive Control 
X 
X 
X 
_Negative Con. 
X 
X 
X 
X 
Experiment 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Rema in ing Dentin 
1.2 
0.9 
0.4 
1.2 
0.55 
0.9 
0.5 
1.2 
1 .00nm 
0.35 
0.9 
Oe6 
1.2 
0.9 
1.1 
0~6 
Tooth 
Max ill a: 
Right 2nd incisor 
cuspid 
1st bicuspi 1d 
II , 2nd bicuspid 
Left 1st incisor 
2nd incisor 
cuspid 
2nd bicuspid 
Mandib 1 e: 
Left 1st incisor 
2nd incisor 
cuspid 
1st bicuspid 
2nd bicuspid 
Right 1st incisor 
cuspid 
II , 
I 1st bicuspid 
2nd bicuspid 
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TABLE II 
ONE MONTH EXPERIMENT 
Positive Control Negative Con. Experiment 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Remaining Dentin 
0.35 
1.00mm 
1.25 
1.2 
1.lrrm 
0.9 
0.8 
1.1mm 
1.2 
0.25 
1 ~ 1 
0.8 
.90 
1.1 
1.25 
1.1 
0.8 
Tooth 
Max ill a: 
Right lst _incisor 
2nd incisor 
l'.st bicuspid 
2nd bicuspid 
Left 1st incisor 
2nd incisor 
2nd b·icuspid 
Mandib 1 e: 
Left 1st incisor 
2nd incisor 
cuspid 
"i 1st bicuspi-d 
2nd bicuspid 
Right 1st incisor 
cuspid 
1st bicuspid 
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TABLE III 
THREE MONTH EXPERIMENT 
Positive control Negative Con. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Experiment 
X 
X 
X 
X 
X 
X 
Remaining Dentin 
1.8 
1. 1 
no cavity 
0.8rrm 
1.25 
.95 
1.8 
1.4 
1.1 
1.9 
no cavity 
cavity 
no cavity 
Fig. 7: 
Fig. 8: 
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Chernbond 5 days: I~ this microscopic view 
of pulp tissue, moderately dilated and con-
gested blood vessels are noted. This is an 
effect which may be related to generation of 
heat during mechanical preparation. Inflam-
mation is absent. (H&E XIOO) 
Chembond 5 days: Higher magnification of odon-
toblastic integrity with absence of any pro-
ductive irritational activity. (S&E X600) 

Fig. 9: 
Fig. 10: 
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Chembond 5 days: Low power photomicrographic 
shows relatively shallow cavity preparation with 
no evidence of pulpal reactivity. (H&E X40) 
Chembond 5 days: Low power view of preparation 
base and pulp horn indicates a lack of inflamma-
tory response or any degenerative changes of puip 
substance. (H&E X40) 

Fig. 11: 
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Chembond l month: Wall to wall perspective 0£ 
pulpal tissue, is clear evidence 0£ lack 0£ 
toxicity 0£ experimental material. (H&E XlOO) 

Fig. 12: 
Fig. 13: 
43 
Chembond 1 month: View of preparation 
base and of pulpo-dentinal membrane. Note 
regular and orderly appearance · of peri-
pheral pulp and lack of irritation dentin 
formation. (H&E X40) 
Chembond 1 month: High magnification of 
proceeding slide. Documents of benign aspects 
of therapeutic material. (H&E X600) 

Fig. 14: 
Fig. 15: 
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Chernbond 3 month: Scanning view of tooth 
shows depth of cavity preparation and main-
tenance of pulpal integrity. (H&E X30) 
Chembond 3 month_; Medium power view of odon-
toblastic membrane indicates biocompatibility 
of material. Delicate pulpal elements. There 
are no toxic changes in evidence. (H&E X40) 

Fig. 16: 
Fig. 17: 
4-7 
Chembond 3 month: Medium power view of odon-
toblastic membrane indicates biocompatibility 
of material. Delicate pulpal elements. There 
are no toxic changes in evidence. (H&E X4-0) 
Chembond 3 month: Higher magnification of some 
preparations. Pulpal area confirms no disruptive 
effect of odontoblastic layer, - nor any inflammator y 
change. (H&E XlOO) 

Fig. 18: 
Fig. 19: 
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Chembond 3 month: Pulp matrix features a 
loose textured fibrillar network with abundant 
round cells. Fibrilogenesis is at a low -
level; mesenchimal cell muclei are densely 
chromatic. (H&E X400) 
Chembond 3 month: Close up of pulpal dentinal 
"membrane" shows pseudostratified odontoblasts 
and associated cells. Predentin layer is of 
normal width and structure. (H&E X400) 

Fig. 20 :..., 
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Chembond 3 month: Delicate intercitoplasmatic 
cell connections are demonstrated in excellent 
preservation. The lack of any manifestation or 
cell injury is significant. (H&E X600) 
This view was taken Jat the pulpal terminus .of 
dentinal tubules in contact with the restorative 
material. (R.D.T. 0.5mm) note the i?tegrity of 
dentino-pulpal junction and absence of inflamma-
tory infiltrate. Vascularization is normal. 

Fig. 21: 
Fig. 22: 
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IRM (-C) 5 days: tow power photomicrograph 
shows depth of cavity preparation and subjacent 
pulp. The odontoblastic layer is preserved, 
and some engorged blood vessels are noted. 
( H&E; .Xl3) 
IRM (-C) 1 month: Moderately ' deep cavity 
preparation with only slight pulpal response 
as noted by focal area of irritation dentin 
formation. (H&E; X40) 

Fig. 23: 
Fig. 24: 
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I.R.M. (-C) 3 month: Scanning view includes 
cavity preparation and pulpal tissue. Delinia-
tion of tubular orientation (ascending to the 
right from the cavity base) shows an irritation 
dentin formation at pulpal interface. The pulp 
is not involved with inflammation indicating a 
low level effect of the irritant. (H&E Xl3) 
I.R.M. (-C) 3 month: Higher magnification of 
the previous slide. Further demonstrates the 
lack of injurious effect on the pulp tissue. 
Vessels are slender, linear array, and inter-
mixed with somewhat cellular pulp matrix. 
(H&E X40) 

Fig. 25: 
Fig. 26: 
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Syntrex (+C) 5 days: Medium power photo-
micrograph; shows a slight amount of irri-
tation dentin formation and focal disruption 
of odontoblastic and subodontoblastic region. 
The interprepatation is that of chemical 
irritation to this pulp region. (H&E XlOO) 
Syntrex (+C) 5 days: Lower power of proceeding 
section shows localization of effect directly 
beneath tubules opening into preparation area. 
(H&E X40) 

Fig. 27: 
Fig. 28: 
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Syntrex F, 1 month: Scanning power view of 
preparation base and coronal pulp indicate 
tolerance of pulpal tissue to effect of rotary 
cutting instruments and control material. 
(H&E Xl3) 
Syntrex F, 1 month: Higher power 0£ the proceeding 
slide substantiate biotolerance of pulp to control 
material. The space noted is artifactial. A 
minimal inflammatory response is present .in the 
superficial zone. (H&E XlOO) 

Fig. 29.: Syntrex F 3 month: Medium power magni-
fication of pulpo-dentinal interface reveals 
benign nature of filling material. 
There is no evidence of effect on odontoblasts 
of plexus cells. Vasculature is normal. (H&E XlOO) 
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DISCUSSION 
- J?ulp inflammation may develop following the application of irritants 
to the. teeth, in the same manner that inflammation develops in other 
tissue, In a general way, connective tissue irritants cause an acute · 
exudative response (acute inflammation). This may resolve ' when their-
ritaant is mild, or the response may become prolerative if the irritation 
continues for a long time (chronic inflammation). 
The pulp is subjected frequently to chemical irritation from ma-
terials in general use in dentistry. 
Anterior tooth filling materials contain biologically reactive chem-
icals which are not bound when the material is introduced into the cavity. 
The silicate cement is strongly damaging, regardless of setting a~d 
exposure time. The fact that even after four hours setting the toxic 
effect is similar to that of the freshly mixed materials and that the 
toxicity still remains after twenty-four hours setting indicates a high-
er lasting toxicity than that of all other materials. 99 The deleterious 
. . . 83 h d effects of silicate on the pulp are progressive because t ey o not 
crystallize but remain in a gel state, constantly liberating toxic pro-
ducts. 
The introduction of zinc polycarboxylate cement (Smith 1968) seemed 
to give a biologically 4o,59 and physically 71 favorable material. 
Since the pH of the carboxylate cement, measured at various time 
intervals, is esentially that of a zinc phosphate cement, it might be 
anticipated that its biological properties would be comparable. However, 
. 1 d 1 d . 114 . d . h h . f h imp ant an pup stu ies in icate tat t e tissue response o t e 
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carboxylate system is closer to that of a zinc oxide-eugenol cement than 
to that of a zinc phosphate cement. These results provide further evi-
dence that factors other than pH play a role with exact biological effect 
of a dental material, for example, type of molecule and molecular weight. 
It seemed logical that a combination of silicate powders possessing 
high strength and translucency and the biologically favorable polyacrylic 
acid 69 would make up the material of choice both for restorative and 
cementing purposes. Glass-ionomer cement might be regarded as composed · 
of an aluminosilicate powder (similar, but not identical to, that of a 
silicate) and a polyacrylate liquid (modified from that used in poly-
acrylate). 
Tissue culture experiments 20 indicated that the glass ionomer cement 
exhibited a certain toxic effect in the freshly prepared state, but that 
the toxicity decreased with increasing time. This observation is clearly 
in contrast to what has been found with the same technique in experiments . 
. h . . . h. h h . . ff 102 wit conventional silicate cement w ic ~s a lasting toxic e ect. 
Our findings emphasize the importance of using a highspeed air tur-
bine handpiece, under an adequate air/water spray. No workable acute 
of chronic inflammation of the pulp tissue was detectable in any one of 
the specimens studied after the three periods of time. This is an indi-
cative that the cavity preparation in general was noninjurious. 
The effects of ~ilicate cement on the pulp were small. Reduction 
in the number of odontoblasts was mild, but consistant change. 
Changes in the pulp beneath cavities filled with zinc oxide and 
eugenol paste were minimal. A moderate degree of acute inflammatory cells 
into the body of the pulp was seen in one tooth at the one month interval 
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of time. This result confirms previous work showing that zinc oxide and 
. k" d h t" . 52,92 eugenol paste is in tote pulp issue. Its disadvantages are its 
softness, poor adhesion to dentin and metal surfaces, slowness in setting 
and the ease with which it may be displaced by biting stress. 
One of the main criticism levelled by clinicians at dental cements 
is their failure to form a strong attachment to a crown surface or a 
m7tal casting. If microleakage occurs under these restorations, there 
is little resistance to fluid penetration at the metal or crown/cement 
interface. 
Pulpal response to the cements is important since adhesion depends 
upon the cement being placed into direct contact with enamel and dentin. 
Dentin is a vital structure with some 30.000 odontoblastic processes 
per square millimeter. Each process is a viable extension of a cell, the 
odontoblast, housed in the dental pulp. It seems reasonable to admit that 
any injury to this process, however distant from the cell body, will 
affect the later. 
The variables in determining the pulpal response to the cements used 
in the present experiment were:the length of experimental period, depth 
of the cavity preparation, presence or absence of a calcium hydroxide 
base liner. 
It has been shown by Stanley (1962) that chronic inflammation can 
develop as early as ten days. 
The histologic evaluation of the experimental glass ionomer cement, 
Chembond after five days, one month and three month revealed no inflam-
matory reaction. Only in one case at five days interval of time an effect 
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on pulp vasculature resulting in hemorrhage was noted. 
Plant (1973) reported that vacuolisation in the odontoblast layer 
and hyperemia are no longer regarded as indicative of changes necessarily 
produced by filling materials as they have __been seen frequently beneath 
unoperated controls. 
A protective base (dycal) was not shown necessary as all unbased 
experimental specimens were within normal histologic limits~ 
Although it is a well known statement that the pulpal response is 
d . l d h d h f h . 27 , 9l , f h irect y relate tote ept o t e cavity resu~ts o t e present 
study do not show a significant correlation between the two parameters 
(Table I,II,III). 
As Stanley (1968) stated, it is impossible to standardize the method 
completely because of variations in the morphology of teeth in different 
month and, the results of one study are not strictly comparable with those 
of others, owing to variations in operative techniques, turbine speed, 
coolant temperatures, anaesthetics and dlfferent batches of material used. 
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SUMMARY AND CONCLUSIONS 
It was the purpose of this study to evaluate the pulpal response in 
primates to a glass ionomer cement material (Chembond) when placed in 
cavities of various depths with or without a calcium hydroxide liner. 
Three male monkeys of the species cynomolgus fascicularis weighing 
approximately 4 kg were used for the study. Under general anesthesia 
(Sernylan 0.3 mgr/kg body weight) Cl. V. preparations were cut starting 
with a found bur #1. Retention was accomplished by means of inverted 
cone #1. All preparations were made using intermittant pressure and with 
a highspeed handpiece under water spray cooling. Each animal received 
24 cavity preparations, 12 of which were used for the experimental material 
(Chembond), 6 received a negative control material (IRM) and 6 a positive 
control (Syntrex silicate cement). For one half of the cavities the floor 
of the preparation was lined with calcium hydroxide (Dycal). The animals 
were sacrificed at subsequent intervals of 7 days, 1 month and 3 months, 
by means of an overdose of Sernylan. The jaws were dissected in their 
totality and immediately following sacrifice the apices were cut off at 
one third apical height with a circular saw at low speed under formalin 
cooling. This method allowed for rapid penetration of fixative into the 
pulp. The sectioned jaws remained in formalin for at least one week. 
After this period they were decalcified and processed for routine histology. 
All sections were examined and the remaining dentin thickness mea-
sured in mm. by means of a eyepiece micrometer. 
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The severity of the responses was evaluated according to the ADA 
Specifications #41. 
From the experiment it can be concluded that thi _s glass ionomer 
cement, Chembond is biocompatible to the pulp in primates. This is in 
agreement with Tobias et al. in humans and ferret teeth and by Kawahara 
l b · 1 h d d · . . 3 3 , 114 et~- y tissue cu ture met o an animal examination. 
The general lack of cellular displacement found in this study, is 
indicative that the cavity preparation in general was noninjurious; both 
cement material Chernbond and zinc oxide eugenol yielded the same negative 
pulpal response after three different intervals of time. 
All positive control specimens (Syntrex F) showed definite beginning 
irritation dentin formation, inflammation, predominantly leucocytic with 
significant vascular congestion noted in one distance. The adverse effect 
of the positive control material on pulpal tissue is greater at the begin-
ning of the experimental period with a resolution toward the three month 
interval . 
. 
The results may be applied with confidence only to the experimental 
animal since it was shown by Sayegh in 1974 that there are differences in 
responses between animals and humans. 
Further studies of a similar nature in human teeth are necessary. 
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